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Abstract 
 
Conspeciﬁc  attraction is an  important aspect  of animal  behaviour  and  several 
avian studies have shown that vocalizations may be used as an inadvertent cue to 
locate  areas  of  suitable  habitat.   By studying  the  metapopulation system  of  a 
territorial passerine, the Dupont’s  lark Chersophilus duponti, we analysed the 
demographic correlates of population vocal activity, and the relationships between 
the occurrence of immigration  and the availability of social information (e.g. vocal 
activity,  population size, density  and  productivity) in 22 local populations.  We 
found that the proportion of active singing days in spring and territorial call 
advertisement  after breeding were positively related to the number of males within 
local populations. In turn,  the intensity of vocal activity was associated  with the 
likelihood of receiving immigrants, better explaining immigration  than other kinds 
of social or public information. Because of depressed signalling, small local 
populations could experience reduced  rescuing from  others,  thus  compromising 
population persistence.  In  such  cases,  habitat   management alone  may  not  be 
enough to overcome this behavioural  constraint. Because we found that the 
occurrence  of inter-patch movements  also depended  on the size of nearby  local 
populations, understanding regional processes may be as important as controlling 
social and environmental factors for the maintenance of small populations. 
 
 
 
Introduction 
 
The integrated study of habitat  selection and individual 
decision-making  has a long history in ecological and beha- 
vioural research (MacArthur & Pianka,  1966; Rosenzweig, 
1981;  Stamps,  1988).  If  habitats   vary  in  proﬁtability   at 
different spatial and temporal  scales and individual  habitat 
choices lead to different ﬁtness outcomes,  natural  selection 
is expected to favour  the integration of complex cognitive 
mechanisms  for assessing environmental quality  (Boulinier 
& Danchin,  1997). In general, it is assumed that individuals 
cannot  always select the best habitat  option  because of the 
lack of perfect information, and thus are forced to cue on 
factors  correlated   with  the  intrinsic  quality  of  a  habitat 
(Muller  et al., 1997). Among  the potential  cues, an indivi- 
dual can use its own sampling of environmental quality 
(Rosenzweig, 1985; Citta  & Lindberg,  2007). Alternatively, 
it can use social cues obtained  from conspeciﬁcs or hetero- 
speciﬁcs (Stamps, 1988; Forsman et al., 1998). Social attrac- 
tion  can  derive  either  from  a  performance-based 
information (‘public information’ sensu Valone,  1989 and 
Doligez, Danchin  & Clobert, 2002, obtained  from prospect- 
ing the reproductive success of others) or simply by cueing 
on  the  presence  and  abundance   of  conspeciﬁcs  (Serrano 
et al., 2004; Sergio & Penteriani,  2005). 
Several avian studies have shown that vocalizations can 
function to attract  new settlers either in colonial or territor- 
ial species (Alatalo,  Lundberg  & Bjorkland,  1982; Kress, 
1983; Ahlering, Johnson  & Faaborg, 2006). Intuitively,  the 
use of song attraction to  breeding  sites seems unlikely  in 
non-colonial species. Plenty of observational and experi- 
mental studies have in fact shown the effectiveness of song 
as a deterrent  to the intrusion  of rival males (Catchpole  & 
Slater, 1995). However, depending on the scale of the study, 
the song can become either a deterrent or an aggregative 
stimulus. At a very small scale, such as that of territorial 
aggregations,   one  of  the  primary   functions   of  song  is 
territorial defence (Collins, 2004). At larger spatial scales 
conspeciﬁc  songs  may  be  used  as  an  inadvertent cue  to 
locate areas  of suitable  habitat  (Hahn  & Silverman,  2006, 
2007). This implies that individuals may cue on but then 
compete for a speciﬁc site using vocalizations. 
Sources of variation  in song activity must be known for a 
better   understanding  of  its  potential   use  as  a  cue  for 
breeding  habitat  selection. Vocal displays can show varia- 
tion  in relation  to time, social and  environmental factors. 
Individual  vocal performance has been shown  to be posi- 
tively related to either density or population size in several 
species (Laiolo et al., 2001; Laiolo & Tella, 2007a,b; Sexton 
et  al.,  2007).  In  cases  of  species  prone   to  conspeciﬁc 
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attraction through  vocal  cues, the  effects of demography 
on  vocal behaviour  can have important consequences  for 
the persistence of populations, by affecting individual  deci- 
sion-making   during  dispersion.   At  low  population  sizes 
vocal cues may become unavailable  to guide habitat  selec- 
tion and the potential  for Allee affects can become great 
(Fletcher Jr, 2007). In the context of pronounced human- 
driven habitat  alteration, understanding the relationship 
between demography  and habitat  occupancy through  social 
cues is critical for both basic population ecology in changing 
landscapes and its applied counterpart, as it could help 
developing sound and alternative methods for conserving 
species at  risk.  When  geographically  fragmented  popula- 
tions  are  declining,  conventional  management  (such  as 
habitat  restoration) may not stop it in case of low recruit- 
ment rates due to conspeciﬁc attraction phenomena (Ward, 
2005). 
In this study,  we analyse the demographic correlates  of 
vocal activity and its potential  use as a cue for inter-patch 
movements  in the metapopulation system of a year-round 
resident passerine, the Dupont’s  lark Chersophilus duponti. 
Historical accounts indicate that Spanish populations of this 
species have declined and become more isolated in the last 
decades, with extinctions recorded for the smallest nuclei 
(Garza, Suarez & Tella, 2003; Tella et al., 2005; Laiolo et al., 
2008). The Dupont’s  lark is classiﬁed as Near Threatened in 
the IUCN Red List and Endangered in the Spanish Red List 
(Garza  et al., 2003; BirdLife International, 2005). We 
expected vocal cues to play a role in Dupont’s  lark habitat 
selection process, given that the species actively vocalize 
during breeding and post-breeding,  use songs and calls in 
competitive interactions,  and the songs in mate attraction. 
Moreover,  the availability  of visual cues is limited because 
of its cryptic plumage and secretive behaviour  (Laiolo et al., 
2005; Laiolo & Tella, 2006a, 2007a,b). Moreover,  males 
usually sing nocturnally, a characteristic  that might have 
evolved to attract  night-dispersing females (Schlossberg & 
Ward,  2004). All the  above-mentioned behavioural  traits 
have  been  shown  to  favour  the  use  of  acoustic  cues  in 
habitat   selection  processes  (Ward   &  Schlossberg,  2004; 
Hahn & Silverman, 2006; Fletcher Jr, 2007). 
We  tested  for  the  prediction   that   vocal  activity  can 
inﬂuence bird settlement  decisions, and  consider the effect 
of alternative  and more direct cues that  birds can use, such 
as population size, density and productivity  (Valone, 1989; 
Serrano & Tella, 2003). We ﬁrst analysed the environmental, 
social and demographic determinants of vocal activity in 22 
local populations constituting  a metapopulation of Du- 
pont’s lark in NE Spain (Laiolo et al., 2008). We then tested 
for  the  relationship   between  immigration   among  patches 
and social or demographic cues. We expected a major role of 
behavioural  patterns, namely vocal activity, in habitat 
selection of Dupont’s  lark individuals,  in case this activity 
reliably indicates habitat  quality (such as territory  or mate 
availability).  We also simultaneously  considered other cues 
to explore complex habitat  selection patterns, that  is when 
individuals use more than one indicator  for selecting breed- 
ing habitats  (Serrano et al., 2001). 
Methods 
 
Study area 
This study was carried  out  in a 10 300 km2  area located  in 
the  Ebro   Valley,  north-western  Spain,  which  holds  the 
second largest European population of Dupont’s  lark (Gar- 
za et al., 2003). The Dupont’s  lark is a typical inhabitant of 
natural  shrub-steppes,  a habitat  that  has been reduced to a 
series of patches greatly differing in size and isolation (Tella 
et al., 2005; Laiolo & Tella, 2006a,b). Twenty-two local 
populations constituting  the bulk  of Ebro  Valley metapo- 
pulation   were  extensively  surveyed  from  spring  2004  to 
spring 2007. Patch size ranged from 20 to over 2000 ha, and 
36%  of the steppes were smaller than  100 ha (Tella et al., 
2005; Laiolo & Tella, 2007a). Local population size ranged 
from  2 to  48 males per  patch,  and  was signiﬁcantly  asso- 
ciated  with  patch   size  (r = 0.76,  F1,21 = 27.6,  Po0.001). 
These small sizes are typical of this species across its current 
distribution in  Spain  (Tella  et  al.,  2005),  as  a  result  of 
human-driven  habitat   loss  and  fragmentation  in  recent 
decades (Laiolo & Tella, 2006b). Because of its cryptic and 
elusive behaviour,  the Dupont’s lark is difﬁcult to spot but is 
highly vocal: males utter  songs in the breeding period  and 
territorial calls during the breeding and post-breeding  peri- 
ods. The former vocalization is given in a sexual context and 
the  second  is associated  with  territorial maintenance and 
self-advertisement   (Laiolo  &  Tella,  2005,  2006a).  These 
vocalizations  allow to accurately  map  the spatial  distribu- 
tion and number of territorial males, used as an estimate of 
local population size (Tella et al., 2005; Laiolo et al., 2008). 
The  study  patches  were visited from  February to  May 
and  from  September  to  October  each  year,  to  cover  the 
periods  in which  the  species is vocally  active,  that  is the 
breeding  period  and  the  summer–autumn territory  estab- 
lishment time (hereafter post-breeding period). Patches were 
visited  during   the  dawn   and   sunset   chorus,   and   were 
abandoned c. 1 h after the last bird ended to vocalize (Laiolo 
& Tella, 2006b). Male  vocalizations  were recorded  during 
each visit using a digital tape recorder  (Sony TC-D8 DAT, 
Sony, Tokyo, Japan) and a Sennheiser ME67 microphone 
(Sennheiser, Wedemark,  Germany) and individual locations 
were established  by means of a Global  Positioning  System 
Garmin   eTrexs   Navigator (Garmin,   Olathe,  KS,  USA). 
Each local population was visited 3–20 (median 10) days in 
February–May and  3–11 (median  4) days  in  September– 
October,   totalling  297  daily  visits  throughout the  study 
period (200 during breeding, 97 during post-breeding). 
 
 
Environmental and  social determinants of 
vocal activity 
Laiolo   et  al.  (2008)  analysed   the  determinants  of  song 
activity  at the individual  level, quantifying  the number  of 
vocalizations uttered per time unit (i.e. song rate). Song rate 
was positively associated to the number of close neighbours 
that were countersinging, but was not affected by any 
population-level  parameters  at   a  larger   scale.  For   the 
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purpose of this study, we characterized  vocal activity at the 
population level, given that  vocalizing tends to be a choral 
behaviour  in the species. In doing  so, we considered  local 
populations as vocal units and recorded the occurrence/ 
absence of the different signal utterance within local popula- 
tions during each visit. 
The occurrence of vocal activity was not affected by 
sampling  effort,  given that  the number  of visits per patch 
was  unrelated   to  local  population size (breeding  period: 
rS = 0.31, post-breeding  period:  rS = 0.39, n = 22 patches, 
all NS). In the post-breeding  period,  when males typically 
give territorial calls only, local populations were deﬁned 
either  as ‘vocal’ (when  males  were calling)  or  ‘silent’ (no 
male was recorded  calling). In  the  breeding  period,  birds 
tend to be more vocally active, singing and/or calling, and 
no  cases  of  silent  local  populations  were  recorded   (i.e. 
neither calling nor singing, although some small populations 
that  were never recorded  singing used to call during breed- 
ing, see Fig.  1a). Local  populations were thus  deﬁned  as 
‘singing’ (a complete repertoire  was recorded,  both  singing 
and calling birds), or ‘calling’ (i.e. no sexual signalling was 
uttered and just a few birds were calling). 
The vocal activity of local populations was recorded as a 
dichotomous variable during each visit, on the basis of the 
occurrence   or  absence  of  the  behaviour   (post-breeding: 
1 = presence of calling individuals;  0 = silent patch;  n =97 
visits;   breeding:    1 = presence    of   singing    individuals; 
0 = absence of singing individuals;  n = 200 visits). The pre- 
dictors  of  vocal  activity  were  analysed  using  generalized 
linear mixed models (GLIMMIX macro in SAS 9.1.3, Cary, 
NC,  USA), using a binomial  distribution with a logit link 
function. Local population identity was entered as a random 
factor. As explanatory variables, we included those environ- 
mental and social parameters that have been shown to affect 
vocal  behaviour   in  passerine  birds  (Catchpole   &  Slater, 
1995). The time of the year was included to test for temporal 
variation  and changes due to the stage of the annual  cycle; 
we followed a consequent  integer numeration scoring 1 to 
the 10th day of February (breeding period) and 1 to the 10th 
of September (post-breeding). We also tested for annual 
variations  including the year as a further  explanatory vari- 
able.  Finally,  variation   associated  with  population  social 
environment and competition  among  males was taken  into 
account by entering male population size and mean nearest 
neighbour  distance  as a measure  of male density. We ﬁrst 
built models for testing the individual  contribution of each 
of the explanatory variables, and then tested all the possible 
combinations of signiﬁcant variables. 
 
 
Vocal activity and  inter-patch movements 
 
The territorial calls of Dupont’s  lark  males are individual 
speciﬁc, vary greatly among patches and are learned before 
dispersal,  after  a short  learning  phase  in summer  (Laiolo 
et al., 2007; Laiolo  & Tella, 2007a,b). Taking  into account 
these  properties,   we  detected   inter-patch  movements   of 
males by identifying individuals  uttering  the territorial call 
types typical of another  local population (see methodologi- 
cal details for acoustic individual recognition in Laiolo et al., 
2007). ‘Foreign’ calls were detected either at the end of the 
autumn  calling period (October) or at the very beginning of 
breeding (February). Because the territorial call is given by 
birds to advertise to neighbouring  males their presence in a 
territory  (Laiolo et al., 2007), we hypothesized  that all 
immigrants   were  maintaining  and  defending  a  territory 
when we recorded their calls, and not just exploring the new 
patch. We consider this a reliable method to detect inter- 
population male movements given that all local populations 
were extensively surveyed and the extent of call geographic 
variation  was known  (Laiolo  & Tella, 2006a). Notably, in 
species  characterized   by  low  dispersal  abilities,  tracking 
large movements by dialectal differences can be more cost 
efﬁcient than  using traditional capture–recapture methods 
(Payne, 1985; Laiolo et al., 2007). These methods usually 
require very large numbers  of banded  individuals  to detect 
the low rates of inter-patch movements that assure gene ﬂow 
(e.g. Serrano  & Tella, 2003). By using the acoustic method, 
we detected the immigration  of nine males in seven local 
populations, while six populations were the sources of these 
immigrants. None of the 333 individuals banded with colour 
rings was re-sighted outside its patch,  testifying the limited 
dispersing attitude  of the species (Vogeli et al., 2008). 
We  tested  whether  immigration   events  occurred  more 
frequently in the most vocally active patches, thus assuming 
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Figure 1 Relationships between Dupont’s lark male population size and the percentage of singing days in spring (a) and of calling days during post- 
breeding (b) per subpopulation (n = 22 local populations). Note that raw data are plotted in (a) and therefore the effect of time of the year is not 
controlled for (see Table 1 for its effect). 
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that birds could use acoustic cues to select breeding sites. We 
also considered a set of alternative hypotheses to explain 
settlement decisions. These were related to landscape geo- 
metry, social and public information (Clobert  et al., 2001). 
We tested whether  inter-patch movements  were associated 
with: (1) habitat patch size (supposing that large patches had 
higher probabilities  of being detected during  dispersal); (2) 
patch isolation; (3) local male density (nearest neighbour 
distance); (4) population productivity; (5) male population 
size; (6)  male  population size for  the  nearest  neighbour 
patch  during  each year  of the  study.  The  productivity  of 
local populations was deﬁned as the yearling to adult male 
ratio  recorded   during   summer  (Laiolo  et  al.,  2008).  In 
Dupont’s  lark’s yearling,  territorial calls can be separated 
from those of adults by the presence of quavering harmonics 
and relatively amorphous notes evidenced in spectrograms 
(details  of  young/adult  discrimination  can  be  found   in 
Laiolo et al., 2008). By quantifying  the proportion of 
yearlings among  all vocalizing males in September  (adults 
plus young),  we obtained  an estimate  of yearling to adult 
male ratio per local population per year. This ratio is 
commonly used as a surrogate of population productivity 
when actual  reproductive success is difﬁcult to record  (De 
Leo et al., 2004), as is the case in the secretive Dupont’s lark. 
By averaging the annual  productivity, we obtained  a mean 
value per local population, following Laiolo et al. (2008). 
The above spatial  and social descriptors  were entered in 
generalized linear models where local populations (n = 22) 
were described as receiving or not immigrants (binary 
dependent  variable, 1 or 0, respectively). Models were built 
through  the GENMOD procedure  in SAS 9.1.3, with a 
binomial distribution and a logit link function. 
 
Results 
 
Environmental and  social determinants of 
vocal activity 
The proportion of singing days per local population during 
breeding depended signiﬁcantly upon male population size, 
and  larger  populations were more  often  recorded  singing 
than smaller ones. Population singing activity also increased 
over the breeding period but did not show inter-annual 
variation  or density dependence (Table 1). Larger local 
populations were more vocally active than smaller ones also 
in the post-breeding  period.  Year,  date and nearest  neigh- 
bour  distance had no signiﬁcant effect on the frequency of 
post-breeding  signalling (Table 1). 
We used a non-linear  least square regression to better ﬁt 
the percentage  of singing (breeding) or calling (post-breed- 
ing) days to male population size, and to estimate the critical 
threshold of males at which song activity levelled off (Fig. 1). 
Population vocal activity was expressed as the proportion 
of daily visits in which birds were recorded  calling (during 
post-breeding) or singing (during breeding) over the total 
number  of visits to  the  patch.  We alternatively  estimated 
the   ﬁt  of  three   functions   expressing   a  non-linear   rise 
(power,  piecewise and  exponential  functions;  see Laiolo, 
2008  for  a  description)   by  means  of  the  bias-corrected 
version of Akaike’s information criterion  (AICc; Burnham 
& Anderson,  1998). The best model ﬁt for singing activity 
during   breeding   was  provided   by  a  piecewise  function 
(r2 = 0.91, F3,18 = 60.8, Po0.001);  the  other  models  were 
separated  by 42000 AICc  units. During  post-breeding,  the 
best  models  for  call  activity  were  a  piecewise (r2 = 0.64, 
F3,18 = 11.0,  Po0.001,  AICc = 4823) and  an  exponential 
model (r2 = 0.64, F1,20 = 36.7, Po0.001, AICc = 4823); the 
power model was separated by 43000 AICc  units. Piecewise 
regressions  showed  that  vocal  activity  increased  up  to  a 
subpopulation   size   of    6.40 T 0.41 SE      (breeding)    and 
6.36 T 0.96 SE (post-breeding) males and levelled off at larger 
numbers (Fig. 1) 
 
 
Vocal activity and  inter-patch movements 
 
The occurrence of immigration  was not signiﬁcantly asso- 
ciated with the size of the habitat  patch,  local male popula- 
tion size, density and productivity, but depended on the size 
of the nearest subpopulation, the proportion of singing days 
in spring and that of calling days in autumn (Table 2, Fig. 2). 
The best ﬁtting model included the size of nearest subpopu- 
lation   and   the   proportion  of   singing   days   in   spring 
 
Table 1 Results of generalized linear mixed models exploring variation in (a) singing activity during breeding and (b) calling activity during post- 
breeding     
Hypothesized model Estimates SE F-value P-value 
(a) Breeding period     
Year 0.004 0.02 0.05 0.82 
Time of the year 0.021 0.09 5.78 0.017 
Nearest neighbour distance —0.006 0.004 2.51 0.12 
Male population size 0.12 0.03 21.8 o0.001 
Time of the year+male population size 0.019; 0.11 0.009; 0.025 4.92; 20.63 0.028; o0.001 
(b) Post-breeding period     
Year 0.66 0.44 2.15 0.15 
Time of the year 0.013 0.05 0.08 0.78 
Nearest neighbour distance 0.004 0.003 1.86 0.18 
Male population size 0.40 0.15 7.17 0.0091 
Parameter estimates, their standard errors and F-statistics are also shown. 
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Table 2 Results of generalized linear models exploring variation in the occurrence of immigration events 
 
 
 
Hypothesized model Estimates SE w2 P-value 
 
 
Explained 
deviance 
(%) AICc      DAICc 
 
 
 
Akaike 
weight 
Patch size —0.0005 0.00 0.29 0.59 1.05 29.85  11.40   0.002 
Distance to the nearest patch 0.099 0.11 0.95 0.33 3.45 29.19  10.74   0.003 
Productivity 0.061 0.004 2.47 0.12 8.95 27.17    8.72   0.007 
Nearest neighbour distance 0.040 0.030 1.97 0.16 7.19 28.07    9.62   0.004 
Male population size 0.0048 0.040 2.07 0.15 7.52 28.17    9.72   0.004 
Male population size of the nearest population 0.076 0.037 5.09 0.025 18.50 25.05    6.60   0.020 
Per cent of singing days during breeding 0.046 0.020 5.10 0.024 18.53 25.05    6.60   0.020 
Per cent of calling days during post-breeding 0.066 0.042 5.53 0.019 20.13 24.61    6.16   0.025 
Male population size of the nearest 
population+per cent of calling days during 
post-breeding+per cent of singing  days 
during  breeding 
0.14; 0.069; 
0.041 
0.072; 0.081; 
0.074 
5.09; 8.31; 
0.24 
0.024; 0.0039; 
0.062 
49.58 20.21    1.76   0.224 
Male population size of the nearest 
population+per cent of singing  days during 
breeding 
Per cent of singing days during breeding+per 
cent of calling days during post-breeding 
Male population size of the nearest 
population+per cent of calling days during post- 
breeding 
0.16; 0.11 0.077; 0.064    8.30; 8.31   0.0040; 0.0039  48.69 18.45    0.00   0.540 
 
 
0.021; 0.049  0.027; 0.046    5.10; 1.26   0.020; 0.026 23.11 25.49    7.04   0.016 
 
0.097; 0.077  0.045; 0.0000  5.09; 5.53   0.024; 0.019 38.63 21.21    2.76   0.136 
 
The best models are those separated by less than two AICc points (DAICc o2) from the most probable model and those showing the greatest 
Akaike weights (given in bold). Parameter estimates, P-values of each predictor in the model and the overall explained deviance are also shown. 
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Figure 2 Patches receiving male immigrants tended to be more active vocally (a) and closer to larger male subpopulations (b) than those where 
immigration was not recorded (means T SE are shown; n = 22 local populations). 
 
 
(AICc = 18.45), and their combination with the proportion 
of  calling  days  in  autumn   was  almost  equally  probable 
(AICc = 20.21) (Table 2). Therefore,  populations  receiving 
immigrations  were not larger or denser than the others 
(Mann–Whitney U-test:  U = 29.5 and  39.5, Z =—1.6  and 
0.9,  n = 22,  P = 0.11  and  0.37),  but  were  indeed  more 
vocally active (Fig. 2). The greatest number of colonization 
events (one third) was in fact recorded in a population 
inhabited  by nine males only. Conversely, signiﬁcant differ- 
ences in size were recorded between the sources populations 
and  those  that  did  not  provide  emigrants  (33 T 3.8 SE   vs. 
13 T 3.6 males;  Mann–Whitney U-test:  U = 13, Z =—2.6, 
n = 22, P = 0.007). 
 
Discussion 
 
Conspeciﬁc attraction, a conspicuous  feature in colonial or 
semi-colonial  species,  has  been  recently  demonstrated  in 
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several territorial species as well, with many of the best 
examples  coming  from  birds.  Literature  on  the  subject 
mostly centred on the identiﬁcation  of the cues that  attract 
birds to a habitat  (Serrano et al., 2001; Doligez et al., 2002; 
Sergio & Penteriani,  2005), but poor  attention was paid to 
the determinants of cue output, in spite of the important 
implications  for bird space use and, therefore, for conserva- 
tion  and  restoration. By studying  the metapopulation sys- 
tem of a territorial passerine, we found that the likelihood of 
receiving immigrants was positively associated with the 
intensity of vocal activity, which was a better descriptor  of 
inter-patch movements than  other kinds of social or public 
information, such as local population density, size or repro- 
ductive success. In turn, the acoustic activity within local 
populations was positively related to male numbers, and 
dropped in very small ones. Because of this depressed 
signalling,  small subpopulations could  experience reduced 
rescuing from others, with potentially  negative implications 
for the persistence of both local populations and the 
metapopulation as a whole. 
Social factors may determine the observed association 
between Dupont’s  lark  vocal activity and  population size. 
Laiolo  & Tella (2007a,b) found  greater territorial turnover 
and within-patch movements in larger than in smaller 
populations. Larger  patches  also  host  higher  proportions 
of young  individuals  than  do  smaller  ones (Laiolo  et al., 
2008). Therefore, the intensity of acoustic territorial defence 
might be greater in larger populations, because long estab- 
lished territorial males would be more acoustically active 
towards  strangers  than  familiar  owners  that  represent  a 
lower threat.  In general terms, the hypothesized decrease in 
male aggressiveness in small nuclei might be a side effect of 
this ‘dear-enemy’ recognition,  that is when individuals tend 
to be more aggressive towards strangers than familiar 
neighbours  (Fisher,  1954). This phenomenon is known  to 
occur in many vertebrate  and invertebrate  species (Jaeger, 
1981; Langen,  Tripet  & Nonacs,  2000; Lopez  & Martin, 
2002; Wich & Sterck, 2007) and has been demonstrated in a 
closely related lark species, the skylark Alauda arvensis 
(Briefer et al., 2008). 
We found  that  the relationship  between acoustic  signal- 
ling and male numbers was not linear, and acoustic activities 
stabilized when subpopulations hosted more than six males 
(Fig. 1). If we consider the male-biased adult sex ratio in the 
species (4:1, Vogeli et al., 2007), it seems likely that popula- 
tions  below  the  above  threshold   were  inhabited   by  few 
females, a factor  that  can condition  male settlement  deci- 
sions. This demographical bias may have further  depressed 
sexual signalling in small fragments, as demonstrated by the 
absence of singing individuals in the smallest populations, 
where only territorial advertising was recorded. 
Among  the determinants of singing activity,  it is worth 
mentioning  the effects of the date,  with increasing  occur- 
rence of songs as the breeding season progressed.  Seasonal 
and dial patterns  of singing activity of male birds have been 
reported by several studies, which highlighted the role of 
female fertility or territorial defence in determining tempor- 
al variation  (Mace, 1987; Kunc, Amrhein & Naguib,  2005). 
The Dupont’s  lark has a long breeding season characterized 
by high nest-failure rates that force birds to multiple breed- 
ing attempts  (Cramp, 1988). From February to June, condi- 
tions for reproduction progressively improve in association 
with better weather conditions, and this would drive the 
observed increase of song activities towards  the end of the 
season. 
So far,  the  inﬂuence  of demographic parameters on 
population and individual  song rates has been described in 
behavioural  ecology studies  (Penteriani,  2003), but  is also 
known  by  researchers  involved  in  species monitoring, as 
small populations can be harder  to detect through  song 
(Tryjanowski  & Sparks,  2001). Therefore,  our study is not 
new in demonstrating this association. Our results, however, 
go further by suggesting a novel link between individual 
behavioural  processes, population properties  (size, density, 
adult sex ratios) and settlement decisions, driven by con- 
speciﬁc  attraction through   vocal  signalling.  Indirect  evi- 
dence   of  conspeciﬁc   attraction  in  this   species  is  also 
provided by two observations:  (1) apparently suitable habi- 
tat  patches  can remain  unoccupied  and (2) individuals  are 
often patchily distributed  in territorial aggregations  even at 
small scales, that  is within  local populations (Tella et al., 
2005; Laiolo & Tella, 2005). Patchy distribution patterns  are 
often interpreted in terms of conspeciﬁc attraction in avian 
species (Serrano & Tella, 2003). Being this study correlative, 
we cannot  exclude alternative  explanations to territorial 
clustering, such as patchy food distribution or male ‘hidden 
leks’ (territorial  aggregation  maintained by extrapair  copu- 
lation behaviour;  Wagner, 1998). If the rate of territorial 
advertisement   relates  to  the  quality  and  quantity   of  re- 
sources (food or female fertility), a spurious relationship 
between acoustic activity and immigration  can result. How- 
ever, it is precisely under these conditions  that the use of 
inadvertent information might have evolved to assess re- 
source levels (Lewis, 1986). In our study, dispersing Du- 
pont’s lark  males may avoid selecting suboptimal habitats 
by using acoustic cues, which might reduce search and 
settlement costs, and the risks of Allee effects (Greene & 
Stamps, 2001). In particular, the utterance of territorial calls 
may indicate the presence of occupied territories, making an 
area  attractive  for  dispersing  birds  (Laiolo  et  al.,  2007), 
whereas the song could likely advertise mate availability in a 
species in which females are a limited resource (Vogeli et al., 
2007). 
As we expected, conspeciﬁc information other than 
acoustic  one (male number,  density and  productivity) was 
less effective in  explaining  variation   in  immigration   pat- 
terns, although it may correlate with habitat  quality more 
directly than vocalizations.  Acoustic information may be 
easier to gather than visual ones in our study model, due to 
the  bird  secretive behaviour  and  nesting  location  varying 
across the breeding season. Song can therefore be viewed as 
the most probable  candidate  cue in this species. 
In conclusion, this study shows that  population size is 
important in explaining  both  immigration  and  emigration 
patterns. Large fragments are potential sources of dispersing 
males  (this  study),  and  tend  to  be more  productive  than 
  
   
 
 
 
smaller ones (Laiolo et al., 2008). The long-term persistence 
of small populations might therefore depend on the pre- 
servation   of  nearby  large  fragments   if  immigration   can 
buffer  from  extinction  risk,  thus  supporting   the  idea  of 
regional population regulation in a metapopulation systems. 
From a methodological point of view, this study shows that 
the analysis of dialectal variation  can be used as a tool to 
highlight bird movements in species with limited dispersal 
abilities,  which would  require  large-scale  monitoring pro- 
grammes to be detected. 
 
 
Conservation implications 
 
Understanding behavioural  patterns  may be as important 
for animal species conservation as understanding their 
environment. Conspeciﬁc attraction has been identiﬁed as a 
potential mechanism to explain the widespread pattern of 
animal  sensitivity to fragmentation, since it inﬂuences dis- 
tributions  by  generating   patch   size  effects  (Fletcher   Jr, 
2006). In case a species uses social cues in habitat  selection, 
focusing  on  traditional conservation practices  such as re- 
storing  habitats, controlling  environment degradation and 
predators may not be sufﬁcient for its conservation (Reed, 
1999; Ward  & Schlossberg,  2004). In this context,  conspe- 
ciﬁc attraction studies suggest new and promising  manage- 
ment techniques, such as the use of playbacks to elicit 
colonization  and  rescue effects in high-quality  unoccupied 
habitats  (Kress, 1983; Ward & Schlossberg, 2004). 
Although our correlative results should be interpreted 
cautiously  in the absence of experimental  tests, this study 
sets useful ideas for the management of declining passerine 
populations, such  as  manipulating cues to  attract   indivi- 
duals in ‘acoustically depressed’ populations, provided  that 
the habitat  is suitable.  Of course, as Ahlering  & Faarborg 
(2006) pointed  out, manipulations should not attract  birds 
into sink habitats  where they have little chance of breeding 
successfully. More  research  is therefore  needed  to  under- 
stand the ﬁtness outcome at different density and environ- 
mental  conditions,  and  the  proximate  reasons  why 
individuals use conspeciﬁc information. All in all, this study 
suggests that taking into account the population conse- 
quences of bird behaviour and controlling both local (within 
patches) and regional (among patches) processes may be 
important for the conservation of imperilled species in 
fragmented  landscapes. 
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